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Project  Marouxy  la  •  fatioaal  Aoroaautioa  mad  Spaoa  idnlnlstretloa 
(NASA)  Projsot  etaari  prinarily  at  daraloping  and  tvaluatlog  a  oapmile 
in  whieh  a  mb  mb  suaoaosfulay  orbit  the  earth,  ra-antar  the  atacs- 


la  whieh  a  mb  mb  suoaeosTully  orbit  the  earth,  re-anter  tba  ataos- 
phera,  aad  eoeofl^lish  a  safa  daaoant  to  the  aarth's  surface. 

Tba  Atlas  portion  of  Erojaot  Marou *y  la  a  program  in  vhloi  continual 
progressive  achlrmaanta  ara  planned,  a  tart  log  with  lnatraonted 
boosters,  unaatM'd  and  rarasd  oapaulaa  lannohad  Into  sub-orbital 
tnjwtokw,  aad  culm  noting  la  a  aorlaa  of  orbital  flights  aad 
safa  landing  of  nannad  o*p«uIsa.>Tha  Atlaa  Haroury  boostar  Is  a 
basis  'SD* 'series  Atlaa  ^KlaalJa  with  oartala  ulnar  ohangaa  to  onhanM 
ito  operation  la  tba  Mercury  proem.  Tba  Boat  algnlfioant  ohaegt 
to  tba  Atlaa  la  tba  addition  of  the. Abort  danolng  aad  PsplMontatloa 
dntn  (ASB)  for  added  Astronaut  jmt otjr. 

Tba  Ad»  la  a  highly  reliable  ayaton  for  oonalag  tbo  dovelopeant  of 
Mgr  pMolblo  Oftastrophlo  falluro  of  tbo  Hsrour;  Atlaa  Jooeter  aad 
gaworntlM  aa;*  Abort  Ooaamad*  /ta  astlvst#  tba  Mercury  dhpsule  aooapa 
oystaa  prior  to  tba  tlao  tba  oapaulo  oeoupout  sight  bo  juaood  1b 
Joabaidr*  (  >  <■ — ■ 


16  autooatla  bloofrhoWM  laltlatod  Abort  Caanands  ara  espaeW  to  bo 
noooaaaiy  for  oetlootlea  of  tbo  oapaulo  eeoopo  ayaton  during  pro- 
lauaoh  time  baaauaa  of  tbo  tine  allowable  for  daolslon  and  tba  aaall- 
ablllty  of  aartaln  ground  anargsnoy  capabilities.  Durlx^  oapaulo 
boost.  however,  an  odontlo  dotoatioo  ayaton  la  naoaasary  booauao 
tba  tlao  boboaaa  warlaln  oapaulo  -bo oa tor  aalfunctloaa  aad  boootor 
aohlola  broalMgp  oan  ba  ahartar  tbaa  hsman  deolsivo  aotlon.  Seeenblall?, 
tha  ASS  noaltora  aalaetsd  orltloal  paiamtera  in  tba  la-flight  Atlas 
SMSBttont  and  if  conditions  warranto  a  Mind  JUnectlM  alas  ton 
abort  tlill  ba  laltlatod  at  rush  aa  early  tins  that  oapaulo  aooapa  oan 
bo  affootad  prior  to  tba  doaal  ojpont  of  a  condition  whieh  would  bo 
baaardoua  to  tho  Aetreoaut.  A  Miami  abort  ihoillty  la  Inaludad  la 
tbo  MG  PCn—Tl  oapaulo  to  allow  aa  Aotronaut  Inltlatod  aooapa 
aoflionao  if  oaodltioos  oppoar  to  warrant  aueh  a  dooialoa. 


appoar  to  warrant  aueh  a  daoialoa. 


Aa  additional  prlno  requlmneat  for  the  AS  IS  In  that  It  mist  not 
prevent  ouesMaful  eonplotlon  of  tho  Mersuiy  alsalon  oitbor  by  an 
Inadvertent  Abort  Cconsad  duo  to  AI0  onaponont  failure  or  by 
naxglacil  operation  of  Atlaa  oubayotana* 


Tbo  dlvoroo  ra liability  requirenents  of  ASS  positive  lannilni  of 
baaardoua  renditions  and  nlnlwlalng  tba  poMlblllty  of  unanooemajy 
Abort  Ocemands  base  boon  satisfied  tagri 

(1 )  Careful  oalootloa  of  a  rnlntmm  sunbar  of  tbo  abort 
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parameters  and  tolerances  after  on  extensive  study 
of  possible  missile  systems  malfunctions  and  mlw 
of  data  from  all  missile  oaptire  and  flight  toots 
to  data. 

(2)  Cirouit  dselgn  to  provide  redundancy  based  on  the 
moot  likely  failure  mods  of  the  Individual  components 
of  the  iSB. 


The  A3B  is  doalgnod  to  monitor  the  overall  Atlas  flight  perf oxannoe 
through  selected  points  In  five  missile  subsystems  as  follows t 

.  j 

i  i 

(1 )  flight  Control  System 

(a)  Pitch,  law  and  Roll  Rates 

(2)  Tank  Rrossurliation  System 

(a)  Liquid  Oxygen  Tank  Pressure 

(b)  Differential  Rroscur*  botwoon  Liquid  Cbqrgen 
and  fuel  Tanks 


(3)  Propulsion  System 

(a)  Suatolnor  and  Booster  Engine  fuel  Injection 
Manifold  Pressures 

(4)  fydraullo  $rstem 

(a)  Suatolnor  fydr&ullo  Pressure 


(5)  ELectrioal  System 

(a)  115  volt,  400  ops  Voltage 

(b)  Atlas /Capsule  Interface  Continuity. 


figure  1,  In  the  Appendix,  la  &  schematic  diagram  of  the  Abort 
Sensing  und  Laplaaentetlcc  System  and  la  addition  show  the  relation¬ 
ship  of  the  AS IS  with  the  Launch  Control,  Atlas  and  Capsule  Sub¬ 
systems. 


It  is  anticipated  that  charges  will  occur  within  the  definitions  of 
this  report.  As  such  changes  ar^  accepted,  revisions  or  addenda  will 
ba  published  for  incorporation. 


HMBBTFTTIM  (IT  V*1?  "Bflirm  to  figure  D 

1.  Teat  Conductor  Ahwrt.  frmnaad 

Prior  to  Atlas  2  inch  action,  tbo  only  capability  for  energising 
the  oopauJs  too op*  syntsB  raata  with  tbo  Atlas  Toot  Conductor* 
following  Anting  af  oho  Oapeulo  Squib  Rue  and  Tact  Conductor 
Abort  Switch  by  tbo  Pad  Safety  Officer,  the  Teat  Conduotor  may 
Initiate  an  Abort  fie— rind  by  depressing  tbo  Abort  Switch.  Tbo 
activation  of  tblo  awltob  roaulta  in  fit*  +23  volt  ground  power 
elgnalo  to  perfom  tbo  following  oporatlonoi 

(a)  Supply  an  angina  cutoff  oceanand  to  tbo  (bround  Knglno  Holey 
Beau 

(b)  lnltiato  an  Abort  Oonmand  via  V  link  to  the  Capsule  Caooand 
Receivers.  Tbo  reoelvsra,  in  turn,  simply  capsule  +23  volt 
power  through  the  uabliloal  oehla  to  the  ground  UfcbUlo*! 
IJaot  and  Tower  Retract  Relay  to  prelude  ejeotlon  of  the 
onbUlcal  oenneetor.  Sj action  of  tie  r^buioal  connector 
de-encrgUss  the  oapeulo  Ground  fbhlHeal  Reloaco  Relay  to 
allow  +28  volt  Squib  Sue  power  to  be  applied  to  the  Mayday 
Beley*  and  Initiate  the  eniaule  eeeape  eequenoe. 

(e)  Supply  +28  volt  ground  power  via  the  uabliloal  oable  to  the 
oapeulo  Qround  Ocwrauid  Abort  Relay  which  is  tun  o locos  a 
contest  In  petal  lal  with  the  Cnwanl  Reeelvers  to  follow 
thi  mm  oDUitloM  ditorlbad  in  ltd  1  (b)# 

(d)  Initiate  thejo  rlllleeoond  Tlae  Delay  Raley  far  hookup  of 
septula  wbilioal  ejeotlon. 

(e)  initiate  the  590  alllie eoond  Tlae  Delay  Relay  for  backup 
of  capsule  Ifcyday  Rolay  activation.  This  ocencad  will 
start  the  escape  oequenoe  without  being  dependent  upon 
oapsule  xmbAlloal  ejeotlon. 


At  aiselle  launch  the  ASS  oust  bo  la  a  "RBAOT"  condition  (all 
ARB  parsaeter  monitors  "READ!”  and  bath  Capsule  Tall  Detect 
Relays  energlied).  This  oondltlon  la  eoooRpllahed  by  having 
at  least  one  of  eaoh  pair  of  the  ecrleo  oonneetod  pressure  awitoh 
palm  activated,  phase  A  voltage  above  90  volte,  cad  oil  Rate 
tyre  seta  detesting  lees  than  the  abort  level,  naralmdly  sero 
degree! /seoond  (aee  Table  of  Rareaotero,  Apiendlx}.  Tor  these 
Input  values  the  output  of  the  ASS  will  be  two  +23  volt  signals 
to  energise  the  Capsule  Booster  failure  Di  tec  tor  Relay  end  2, 
through  the  Abort  Canister  oonneetosv  J1  end  J6,  and  the  Capoula/ 
Adapter  Interfuse  Connector*. 
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When  •oer$lMd.  each  Capeulo  Booster  Failure  Detector  Relay 
supplies  Nlesiie  +28  volts  to  energies  one  of  the  AS  IS  SCO 
4  Ready  IUleye-1  end  2,  located  in  the  A3X3  Canister,  again 
vie  the  sane  sets  of  oonnectorc.  Activation  of  both  relays 
allow  +28  volts  from  Mis  ails  Power  Distribution  to  peon 
through  the  4818  Canister  oonneotora  J5,  J3  end  J2,  series 
oonnsoted  48X3  SCO  4  Seedy  Rainy  contact* ,  and  the  Atlas 
O&bllieal  connector.  J10D1,  to  supply  &  Booster  Abort  Ready 
signal  to  energies  the  Main  Inginse  Complete  Relay,  K24A,  and 
close  •  contact  In  the  Launch  Control  Release  Ladder. 

Closure  of  the  Mein  Kaginse  Complete  Relay  contact  thus 
indicates  "KADI"  for  all  monitored  parameters  and  all  4318 
and  Adapter  connectors. 


3.  |8B  to-fllrtt  tent  0— iflld 

The  48B  la-fllght  Abort  Conmand  capability  Is  enabled  when 
drop-out  of  the  Booster  2  lash  Notice  Relays,  oauaad  by  ejection 
of  the  Autopilot  wbUloal.  J1001,  after  missile  2  inch  mat  ion, 
allow  +28  .twits  to  be  applied  to  tbs  Capsule  Tine  Zero  Relays. 
This  enabling  circuit  la  furthsr  protected  by  requiring  that 
tbs  ABV&AR  switch  la  the  Autopilot  ftognsssmr  oust  be  In  the 
AIM  position  before  +28  malts  oaa  be  supplied  to  the  Tins  Zero 
Relay.  Xh  addition  a  — 'rear-ride  switch  la  inoluded  in 
the  oapsttla  for  occupant  activation  of  the  Tima  Zero  S  'ey*  if 
the  Booster  Time  Zero  circuit  is  not  autonstloally  energised  at 
lift-off.  After  the  Tine  Zero  Relays  have  been  energised  the 
Mayday  Relays '1.2  and  3  will  be  energised  when  +23  volte  is 
aiamltaaecuely  interrupted  to  both  Capsule  failure  Detect  Bsleys- 
1  and  2. 

from  2  inch  notion  to  2  inoh  notion  plus  30  seoaode  the  A8XS  will 
Initiate  the  ospeule  escape  sequence  but  will  not  supply  an 
engine  cutoff  signal.  If,  during  this  time  Interval,  a  Manual 
Fuel  Cutoff  is  sent  via  Range  Safety  Command,  the  ermines  will 
be  cutoff  end  eeoape  sequence  will  be  initiated  via  ABB 
sensing  of  engine  fuel  manifold  pressure  decay. 


4.  Wmuum.  iUm i  tertiw  Cutoff 

far  added  Astronaut  Safety  it  is  necessary  that  tbs  Atlas 
englxne  bn  cutoff  when  an  ABB  or  Pilot  Abort  Command  is  given 
after  Time  Zero  plus  30  eeeoods.  Bnahlsment  of  tbo  srgino  out- 
off  elreuit  is  aooonpllshed  by  tbs  Atlas  flight  Control  System 
Programs r  providing  +28  volts  to  ecotoets  on  the  ASB  VO  4 
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Roady  Relays-1  and  2  and  the  Capsule  Abort  XO  Relay  at  t.+30 
seconds  allowing  either  an  AS  13  or  a  Oup#ul~  initiated  Abort 
Ocotand  to  outoff  the  Atlas  engines. 


5.  ASffl  Boqetsr  tnglne  Cutoff  and  Stealne  Aeone^e 

At  the  tine  of  Atlas  Booster  -felines  crtoff  the  >C0  Rolays-1 
and  2  drop  out,  the  series 'rolay  connections  ui.ll  now  provide 
a  oirouit  to  by-pass  the  booster  fuel  preoaure  switohes  R.  TP 
and  Bn  TP  and  plans  the  11  pel  LO,  tank  pressure  switch  BDO-LO? 
TX.  IS  parallel  with  the  21.9  pei^MJg  tank  pressure  suite  bee. 

At  tho  start  of  the  staging  sequsaoe  ths  Autopilot  Prograiauer 
initiates  a  +28  volt  signal  lasting  for  8  sseonda  to  program 
tbs  ASS  Over/Rate  Dsteotors  to  tvioe  their  normal  abort  thrash- 
old  and  tolerance.  Ac  the  Atlas  Booster  section  phyaioally 
separates  fra n  ths  Atlas  austainer  section  a  Capsule  +28  volt 
oirouit  lc  broken  to  start  the  Capsule  Xaoepe  Tower  Jettison 
eequenoe  by  de-energlalag  the  Ca}«ule  Booster  Sngine  Separation 
Relay. 


6,  jgfp  flritttmr  flitimawt 

On  Project  Msroury  flights  the  austainer  and  vernier  engines 
are  cutoff  slnultansouely.  The  +28  volt  signal  front  Quldanos 
for  austainer  Outoff  Is  also  oonneoted  to  tho  Capsule  Booster 
Abort  Uaaisi  Belay  to  pi  want  oapeule  motion  on  the  Abort 
Ccanm&nd,  which  will  be  received  when  the  Suetalnor  fuel  Pressure 
Switch  goes  Into  the  Abort  Node  due  to  austainer  engine  outoff, 
and  to  start  a  nerval  Capsule  Separation  Sequence.  Range 
Safety  engine  Outoff  Canmaads  will  not  snex^lae  the  Capsule 
Booster  Abort  Disarm  Belay  therefore  ths  AS ZB  will  coronal  an 
Abort  and  the  Capsule  will  go  through  Its  Escape  Sequence  if 
ths  Bangs  Safety  Officer  sends  a  Manual  fuel  Cutoff  Command. 


7-  BteaJMgte  Utim  Ortflff  aal  Puttutf 

for  Mercury  flights  ti»  normal  Atlas  Range  Safety  Ccconnd 
Engine  Cutoff  and  Deetruot  capability  mill  be  modified.  At 
Range  Safety  Officer  initiation  of  a  Manual  fuel  Cutoff  ths 
oamaand  is  sent  immediately  to  the  MAA  Baglas  Relay  Box  to 
shutdown  the  engines  aal  to  the  Three  Second  Tins  Delay  to 
start  the  3  soeced  delayed  Deetruct  Xcoble.  ASS  sensing  of 
engine  fuel  pressure  dsoey  st  engine  shutdown  will  start  the 
Capsule  Bsoape  Sequence.  Do struct  Ignition  cannot  occur  until 
the  3  second  enable  is  ocsapleted;  following  enablement  a  Range 
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Safaty  Daotruot  Canaan)  will  produoa  daatruotlon  of  tha  Atlas 
tank*  at  a  tiaa  vban  tha  Meroury  oapaula  baa  raaonad  &  safe 
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hi.  Vi g/Axya  asiat  EiBttffiaaa 

1.  IHflht  Cafttrol  System 

(a)  Pitch,  lav  and  Rail  Rates  i 

Hlanile  instability  character! awd  by  violent  aerodynamic 
maneuvers  and  subsequent  loea  of  structural  integrity  haa 
occurred  during  the  Atlas  flight  teat  program.  During  the 
time  the  flight  control  ays tea  is  enahlad,  2-inoh  rise 
through  sustalner  angina  cutoff,  rata  gyro  outputs  fro* 
the  Project  Mercury  Atlas  flight  control  ays tea,  located 
at  Atlas  Station  675,  will  be  monitored  through  a  single 
section  linear  first-order  lag  filter  with  a  tine  constant 
of  225  t  50  and  -25  niHi seconds.  Betas  In  Pltoh  ani  lav 
exceeding  3.00  ±  0.15  degrees  per  second  and  rates  In  Roll 
exceeding  6.4  ±  0.30  degrees  per  seeond  will  autoaatioally 
activate  the  oapeule  escape  system,  except  for  the  period 
of  Atlas  Booster  Engine  Cutoff  plus  8  ±  0.5  seconds.  During 
this  Interval,  the  Pitch  end  Taw  rats  thresholds  are  doubled 
in  order  to  prevent  activation  of  the  oapeule  escape 
system  by  possible  excessive  but  not  dangeroue  Atlas  Booster 
Staging  transients.  Positive  redundancy  in  Pitch,  Tav  end 
Roll  excessive  rate  sensing  vlll  be  crovided  by  using  a 
second  set  of  gyros  at  Atlas  975. 

The  redundant  gyros  ore  required  to  protect  the  capsule 
from  catastrophe  if  a  flight  control  system  rate  gyro 
should  fall  since  the  failure  of  a  rata  gyro  will  put  that 
particular  sensor  into  an  "Aborfc-8afe?  condition.  From  the 
timo  the  Project  Mercury  Atlas  Plight  Control  Systea  is 
enabled,  through  Sustalner  Ihglne  Cutoff,  rate  gyro  outputs 
from  the  redundant  "back-up"  or  "passive"  gyro  croup  will 
be  monitored  through  a  single  section  linear  flrct-order 
lag  filter  with  a  tl&e  constant  of  80  ±  20  milliseconds. 

Rates  in  Pitch  and  Tav  exceeding  4.75  ±  0.25  degrees  per 
second  and  Rates  in  Roll  exceeding  9.4  ♦  0.40  degrees  per 
eeoond  will  automatically  activate  the  capsule  escape  system, 
except  that  during  the  Atlas  Booster  fiigine  Staging  interval, 
the  redundant  Pitch  and  Taw  rate  gyro  thresholds  are  also 
doubled  {±  1 2if).  The  different  Abort  levels  and  filter 
tire  constants  for  the  two  rate  gyro  sets  we re  established 
after  extensive  study  by  CV-A  and  STL  to  provide  specific  pro¬ 
tection  against  any  possible  oontrol  systea  malfunction  during 
powered  flight,  and  in  addition,  to  provide  positive  redun¬ 
dancy  far  detection  of  the  most  likely  c octroi  system 
malfunction. 

The  flight  Control  Syetca  rate  gyro  group  end  the  redtadent 


IN  (locum. it  contems  mtoimetion  eflectmi  the  national  defense  ot  the  United  Suite  within  the  .neening  of  the  (ipionift  Lews  Title  18. 
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**te  gyre  group  in  indicated  on  tha  loimtlo,  figuro  1. 
“  tbo  "Miasil*  Into  tyro  Sot"  and  tbo  "Backup  Hat*  tyro 
3«t"  roapootlvaly.  Th*  individual  exotislve  rat*  or  Om/ 
Rat*  t hr* ahold  doteetor*  ar*  indicated  ae  "Pi,  II,  R1,  P2, 
12,  and  R2,  0/R'*".  A  detailed  d**oription  of  tb*  Ow/ 
Rat*  d*t*otor*  1*  given  subsequently  in  sootioa  IT. 


2.  Inak  froasuriaation  aratemi 

(a)  liquid  Qtygan  Tank,  Pr**aur*i 

Th*  Minima  liquid  r.  yg*n  tank  pressure  r*quir*d  to  support 
th*  eapaul*  undar  Atlas  Booster  accelerations  aaS 
aerodynamic  loading  will  b*  aonltored  by  redundant  pressure 
avitobas.  If  th*  tank  pressure  falls  b*lew  21.5  t  0.5  pais 
during  Atlas  Boos tar  phaaa,  a  signal  will  b*  initiated  to 
aotivat*  a  oapeul*  *aoap*.  Tb*  liquid  oxygon  tank  prassur* 
swi tehee  ar*  indloated  on  figure  1  aa  "LOo  TX,  Pr**our* 
Saasor  1,  and  Preesure  Sensor  2*.  Aft*r  Boostsr  Xngin*  Cut¬ 
off  it  is  no  longer  n*o*9«ary  to  maintain  21 .5  pal*  in  tb* 
liquid  o^rgan  tank  for  atruotural  integrity.  Tb*r*fora  it 
was  d*old*d  that  even  though  a  normal  mis  ail*  will  always 
bar*  a  liquid  oxygen  tank  preenure  grantor  than  21.5  psig 
it  was  possible  to  prevent  an  Inadvertent  abort  duo  to  a 
non-taasardora  aalfunotion  aftor  staging  by  adding  a  third 
prasauro  switch,  operating  at  11.0  ±  0.5  palg,  in  parallel 
with  tha  arLating  21.5  P*ig  avitobas.  This  pleasure  svltob 
is  iadloated  on  figure  1  as  "BCO-tO-  TX*.  It  la  ambled  ay 
de-ensrgisiog  both  of  tb*  rodundant  ”100  Ralays-1  at»  2"  by 
dropout  of  tb*  login*  Relay  Box  "Booster  Flight  Look-In 
Signal"  at  Atlas  Booster  tog  In*  Cutoff.  Details  of  tb* 
pressure  switch  circuitry  will  b*  given  subsequently  in 
soot ion  IV. 

(b)  Liquid  Oaqrgon  Tank/Vuel  Tank,  Differential  Pressure' 

Tbs  Minima  differential  pressure  required  to  avoid  reversal 
of  the  liquid  oxygen  tank/fual  tank  intermediate  bulkhead 
will  be  monitored  by  redundant  pressure  *  witches.  If  thin 
pressure  differential  falls  below  4.0  ±  0,5  paid  during 
Atlss  flight,  a  signal  will  be  initiated  to  aotivsto  oapsuls 
oeoapo.  The  liquid  oxygen  tank/fuel  tank  differential 
pressure  svltohee  are  indioated  on  figure  1  as  laF-Presaure 
Sew  top  1,  and  Pressure  Sensor  2". 

fuel  Tank  Pressure  is  also  monitored  indirectly  since  fuel 
TuiC.  Pruowre  minus  Liquid  Otygen  Tank  Preesure  minus  Liquid 
fbqrgan  Bead  Pressure  results  in  tbs  differential  preesure 
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Fuel  Injection  Manifold  Pressures! 

The  minimum  Pusl  Injootion  Manifold  Proasuroe  requited  to 
sustain  required  Project  Maraurjr  Atlas  propulsion  perfcmanoe 
will  bo  monitored  by  redundant  prossuro  switches. 


If  either  Atlas  locator  Engine  fuel  Injection  Manifold 
prossuro  falls  bo  low  470  ±  10  pais  during  Atlas  Boootor 
Engine  flight  phase,  a  signal  will  bo  initlatod  to  activate 
oapoulo  asaapa.  Tba  Booster  Engine  Pool  Injection  Manifold 
Prossuro  Swltohee  art  lndloatod  on  Figure  1  so  "E,  IT  and 
Ij  FP-freoeure  Sosoor  1,  and  Prossuro  3oaoor  2”. 

If  tbs  Atlas  Bustainer  Engine  Puol  Injection  Manifold 
Prossuro  falls  below  560  ±  10  pain,  a  signal  will  bo  initlatod 
to  aetlcate  oaoapa.  The  Suotalnar  logins  Puol 

Injection  Manifold  Prossuro  Jvltehas  art  lndloatod  on  Flf» 

1  as  "*PT-Preesun  Sonsor  1,  and  Proasuro  Ssnsor  2*. 


Boos  tor  Bogina  svltahae  are  disanod  at  Atlas  Boootor  Bngins 
Cutoff.  This  is  aowapllshad  bjr  de-enarglmlng  oitbsr  of 
tba  redundant  *100  Ralays-1  and  2*  through  dropout  of  tbo 
Inglna  Belay  Bos  "Booster  Plight  Look-In  Signal*  hooked  up 
by  onstrglilng  tba  0/fc  Malay  from  the  Autopilot  Progrtmor 
Staging  Bata  Batio  gyro  signal)  (os  for  8  seeoads). 


Saatalnor  ^ydraulio  Pressure  < 

Tba  Blniiaan  Sustalaar  Hydraulic  Feature  required,  during 
powered  flight)  to  null  the  Sustains r  Bogins  during  Booster 
Staging  and  to  onouro  Sustalaar A***’’  w  Puol  Cutoff  during 
engine  shutdown  will  be  nonitorod  in  tha  ASiS  by  redundant 
pressure  swltohao.  Sustalner/Pamier  Gagina  shutdown  eaj>- 
ability  at  tinea  lsaadlotely  prior  to  oopaulo  orbital 
lajaotioa  la  oo pool ally  important  duo  to  tha  possibility 
for  injeotloo  of  tha  oapaula  oooupant  into  an  Insunrlvahle 
ortit  if  aaoosslTS  duetainar  burning)  and  ooaooqusntly 
eaoassirs  selooity,  vara  >11  overt.  If  tba  Suotalnar  Hydra alio 
Proasuro  falls  bolov  2000  ±  AO  pels  during  Atlas  flight)  a 
signal  will  bo  Initiated  to  activate  tha  oapeule  eeoape 
syrtso.  Redundant  Bnstalnar  hydraulic  Praesuro  Svitohaa 
are  indicated  on  Figure  1  as  "SBP-Pressure  Sensor  1,  and 
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Pressure  Sensor  2". 

5.  fijgfa^gjLaaS«« 

(a)  115  volt,  400  ope  Voltage i 

Atlas  alternating  current  voltage  is  sensed  at  the  control 
input  of  the  1 —NOT  Oates.  The  rectified  voltage  output  of 
the  series  pressure  switches  taut  be  Maintained  above  the 
tenor  voltage  of  the  diodee  for  a  Safe  condition  to  exist. 
Phase  A  souroe  voltage  levels  below  80+10  volte  ms  will 
oanse  a  signal  to  be  initiated  for  activation  of  the  oapeule 
escape  system.  A  description  of  the  undervoltage  cutoff 
circuitry  will  be  given  subsequently  in  section  IV. 

(b)  Loss  of  Atlae/Capsuls  Interface  Continuity  i 

Loee  of  electrical  continuity  between  the  Mercury  Capsule 
and  Atlas  Missile  at  the  Interface  wiring  and/or  connectors, 
"Interface  1  and  2",  see  Figure  1,  will  cause  a  signal  to 
be  initiated  for  activation  of  the  capsule  escape  system. 

Loss  of  one  interface  connector  and/or  associated  prime 
circuits  will  not  inhibit  normal  performance  of  the  remaining 
interface  connectors  and/or  associated  prime  circuits.  Loos 
of  both  interf&oe  oonneotoxu  and/or  associated  price  oircults 
will  cause  automatic  activation  of  the  oapeule  escape  eystoc. 


tv.  OWATL  AMB  WimrrMAT.  WWTWWI. 

Tha  Abort  anting  and  ftqile— irtatlon  tynteu  (ASS)  in  shown  function- 
slly  in  Figure  1.  Figure  1,  fro  left  to  right,  included  Blookhouee 
Launch  Control  and  Abort  Circuits,  Atlaa  Abort  tensing  Circuits  (ASS), 
Booeter/Gaprule  wiring  and  oona— tors  and  associated  oapjule  circuitry. 
That  portion  of  Figure  1  which  ahowa  aapsule  ocr.poaent  jartc  does  not 
•how  rrwry  port  and  connection  XC  DONhBLL  providao  in  the  oopjule,  but 
indioat—  only  tboae  parte  w seriated  with  th»  SIS  to  denonotiutc 
Istaxnotion  of  CV-A  and  XAC  equipment.  In  the  AtS  all  the  vurlonae 
a—  of  eeaalrg  alaaile  failure  are  collected  and  au:.ved  together  by 
mg— tie  logic  unite  to  fore  the  ABB  output  bus  no  a  oosneotod  to  pine 
D,  "Interface  Oonneotore  1  and  2".  Zn  the  •KLA£ff*  etate  each  output 
bua  furnish—  423  volte  to  the  eagaula  Bo— tor  failure  Detector  Belaya, 
B2  and  13*  loth  of  tb—e  423  volt  "MUDS1  signal*  —at  drop  to  provide 
an  Abort  Ocmand.  A  dropout  of  azgr  of  the  A32B  pa— ter  sene  or  switch 
duets  (both  pressure  awitoh—  —at  indl— ta  an  abort  condition)  and/or 

1— a  of  eleotrl— tl  continuity  in  both  ABB  output  bua  a—  or  circuit# 
(pina  0C  •Interface  Oon— atom  1  and  2"),  and/or  a  aigoal  or  eignala 
generated  by  any  one  or  all  Ovar/Mate  Dot— tor  oiroulta  (PI,  71,  HI, 

72,  12,  12,  0/1'a)  will  drop  out  the  "HUB"  signal  furnished  to  the 
oopaula  Bo— ter  Failure  Oetcotor  Belaya  1  and  2. 

ABB  detection  of  parens  ter  aalfunetlon  proocada  in  tha  following 
aannor)  if  a  aanaed  par— atar  earl—  beyond  the  acceptable  Unite 
iapoaed  by  the  aanoor  than  tha  output  of  the  —  ooolated  nagnetio  logio 
unit  will  In—  to  a  vn lue  auob  that  47  eolta  will  appear  on  the 
oa— on  line  eozmeoting  the  output#  of  the  three  renaining  nagnetio 
logio  unite  of  tha  eat  and  tha  input#  of  tha  Wo  2-JCff  Oat—,  (a  set 
of  nagnetio  logio  unite  la  ooep— ad  of  one  1-BOT  Onto  and  ona  —ah  of 
tha  Pitoh,  law  and  loll  Over/Mate  Detectors.  There  are  two  auoh  seta 
wetting  in  a  parallel  redundant  configuration  and  the  output  of  each 
•art  la  oenneeted  to  one  of  tha  two  oontrol  inputs  of  eeeh  of  tha  two 

2- NJT  dot—.  The  47  volt  output  signal  allied  to  oee  of  tha  oontrol 
injAito  of  eaoh  of  tha  two  3-NOT  Oat—  reduoes  both  out;  uto  fron  tha 
•XKAU*  423  volte  signal  to  0  volte.  With  the  Iona  of  tha  two  423 
volt  signals,  the  oapeule  Booster  Failure  Detector  Rslaya-1  und  2  are 
d—rergi— d.  removing  428  volte  fro  tha  ABB  BOO  h  Seedy  Balayo-I 
and  2.  and  also  supplying  428  volte  to  tha  Mayday  Mslaye-I,  2  and  3 
prortoed  tha  Bo— ter  Abort  Beam  Malay  is  AIMED  and  tha  line  Zero 
Belaya  are  CMCgiaad.  Lot  a  of  428  volte  to  the  ABB  100  A  Beaty 
lelays-1  and  2  will  produce  engine  shutdown  provided  the  2  inch  plus 
30  aaooad  Autopilot  Prograpaar  awitoh  has  ol—ed.  The  application  of 
428  volts  to  energise  the  Mayday  Belaya-1 ,  2  and  3  will  initiate  the 
oapeule  —  oape  sequence  and  also  energies  the  Oapsule  BO  Belay  to 
produce  a  redundant  path,  for  Bngino  Oiteff . 

la  eonjunotioa  with  the  detection  ability  of  ABB,  any  1— a  of  oostie- 
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ulty  through  * 
Ml  4S9  relt  1 
will  produce  « 
km  previously 


or  or  pries  circuit  which  results  la  loss  of 
to  tbs  Booster  Failure  Detector  Bel*ye-1  and  k 
ospsuls  ssoi  m  and  Safins  shutdown  ecqueaoa  a* 
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Tbs  uss  of  magnetic  logic  units  la  ths  ASS  wss  based  on  their 
Inherent  lie  rives  his  ohsreoterlstios  whloh  enhenos  ths  parfonnuaee 
and  reliability  of  alnoei  sagr  loglo  aystsa.  The  negnstie  logic 
units  used  are  simple*  consisting  only  of  aagnetlo  slsnsots  sad 
aillaon  reetifisre.  The  Magnetic  el  ■wets  tonn  sires  are  secy 
rugged,  sod  if  properly  saaafacturad  sad  encased,  taste  operating 
liras  ——used  is  dsbadee.  The  silieoe  diodes  whloh  hers  such 


liras  — snrsd  is  debates.  Ths  silleos  Aledss  whloh  hers  such 
shorter  operating  lire*,  here  bees  analysed  for  a  prsdietshls 
failure  soda,  is  a  result,  ths  reliability  of  ths  ore  rail  mag¬ 
netic  unit  Is  Inpri'rrsd  b j  using  s  spsedfie  diode  redundance 


The  BGT  gets  amplifiers  (two  l-BGPs  and  two  2-SOX'i)  function 
is  a  sisllar  wanner.  The  two  self  eaturating  gate  windings, 
each  wound  on  «  separate  toroid,  are  energised  by  ha  If -wars 
eurreets  is  180  degree  phase  relationship.  The  two  outputs  are 
flowMnsd  to  Sroduoe  s  fUll-vare  reotlfied  signal  whose  voltage 
is  epproadsgtely  600  sf  ths  input  rue  capitation  roltags.  The 
oentrol  windings  (or  wind  tag)  are  oesasn  to  both  ooras  and  are 
energised  in  tueh  a  nawnar  that  a  step  laoraaas  in  either  control 
euirsBt  rt suits  la  a  drop  in  amplifier  output  roltags.  This  is 
a  bistable  font  of  operatise  where  an  input  greater  than  ths 
gating  Aral  results  In  near  sere  output  and  rise  versa,  eee 
figure  4.  Ths  only  difference  between  tbs  1-80B  and  the  2-WT 
is  ths  taniwslon  sf  two  seotrel  wind  imp  on  the  3-MDT,  each  wind¬ 
ing  hawing  separate  and  full  gate  0 octroi. 


hi  operation,  the  1-Btt  fete  will  bars  either  sere  volte  applied 
to  the  Control  winding  to  fire  approadnately  7  rolte  output  or 
2  to  A  rolte  Input  to  wire  appwoodnately  0  roll  out.  The  2-bOT 
oostrol  winding  (one  of  two)  reeelree  either  eero  or  7  rolte 
trm  a  set  sf  three  Overrate  Detectors  and  one  1-BDT  feta  focr 
whloh  the  2-80T  fete  output  will  be  +38  rolte  or  +1  rolt 
respectively.  This  output  rultage  Is  applied  to  one  of  the 
"apeulb  Booster  failure  Detector  Beleys  through  s  asaar  diode 
for  either  aero  or  +23  rolte  to  appear  at  ths  relay  coil.  Tbs 
second  oostrol  winding  is  supplied  a  signal  roltags  trm  the 
backup  set  of  three  Over/Bate  Deteotcxit  and  one  I-Bffl  Qata  to 
paorfozn  eaaotly  as  the  flirt  0 octroi  winding. 


tie  enpli fier  in  tbs  Over /Bate  Deteeter  is  essentially 
as  the  two  BCT  fete  sspllfieis  with  the  easeption  that 
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tkm  eontcol  irtiilup  art  mi.  a  oootnl  winding,  •  Wm  winding 
and  a  fuftmt/twymiUin  winding.  With  do  signal  oufrent  into 
tho  soatnal  wdatoag  (anno  output  fTon  tho  phono dstesior)  tho  Mas 
•at  nnwpwo lor  wiiatisei  naiotalp  tho  Tnagnstlo  tanpllflor  output 
nsar  tho  1  solt  *MUPT*  liml,  ooo  Mgers  3.  As  tho  oootaol  wind¬ 
ing  ourroofe  insrsssts  dm  to  aa  laarsosiag  rato  gyro  signal  thoro 
in  litUo  or  ao  shsngo  la  tbs  output  of  tho  gats  windings.  Whoa 
tho  clgthmlo  no  of  apoPK^m  la  tho  thorns  oontrol  winding* 
approbate**  nonsslliitliai  tho  mgnotlo  omplif  lor  operation  is  in  tho 
raggsa  of  tho  kaoo  of  tho  rstpoms  sum,  soo  Mmi  3.  As  tho 
oontml  — front  sppaoaohos  1  allli^ori  of  Ovor/Rato  signal  into 
tho  oontrol  wind  tag  (2  aa  at  Boost  or  Basins  staging)  tho  aagnotlo 
wpllflw  output  toads  to  inermse.  This  output  salts#*  slangs 
la  uppllad  to  tho  foodteaah/ssmouoator  winding  to  rogsaamtloaly 
oudtote  tho  output  to  a  *12  soli  MABB"  ol#uI. 


scours  that  ths  soltags  Is 
ths  folloulag  stans. 


la  ssussul  of  tho  laput  and  output  olroults 
tags  Is  ssrs  or  mulnm  bofors  Wing  appllad 


tho  six  gyro  Osor/Bato  Ootootor  ualta  rspiussat  ths  bulb  of  ths 
A0JI  Insight  Abort  Bowing  and  Oontrol  IqalmtBt.  Tho  Oosdltk 
for  •  rato  gyro  abort  my  ba  sa^rsooad  la  ratio  font  aoi 


^  X 


T.  Is  ths  partieolar  into  gno  signal  aftsr  donodnlation 
r  l«a  ratio  for  tho  approyrlato  thro* ho  Id  rains 
is  ths  gyro  onoltatiao  roltags 
i  in  ths  applissbM  signal  tsaaslsut  sowing  flltor  Urn 


Ths  output  olMMlt  of  tosh  gyro  Osor/Bate  Ostastor  ooaalata  of  a 
spatially  dtslmtd  aagaotlo  oomaiut or,  eao  Figure  2.  Tbs  oaf 
pamtor  Is  dsnTgnsd  as  a  ratio  dories  in  ordsr  to  (1)  Integrate 


porator  Is  (luigsi  as  a  ratio  dories  In  ordsr  to  (1)  Integrate 
reliable  smdlaf  of  ths  loaa  of  rato  gyro  sanitation  soilage, 

(2)  eoapmaato  for  ohaagm  la  tho  Atlas  A00  spn  soltogs  (ftm 
90  to  129  r,  as)  to  a  In  tails  sardatiom  in  ths  abort  threshold, 
sad  (3)  aooosnodate  ths  ate  gyro  pda  nhsngss  for  initial  ua- 
msnsd  frojast  ibway  flight* 

With  26  salts  gyro  smltatioa,  tho  hiss  rsstlf  isr  tuppllos  <^A  w 
m  for  dewls  threshold)  to  tho  Mas  winding  of  ths  asgwtlo 
soy  lifter  oougnnstor.  A tp  ssrlatlon  a  gyro  sanitation  will 
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result  la  &  oorrsotios  of  a^ort  threshold  to  Maintain  the  sensi¬ 
tivity  eoqstsnt.  The  oqapf  ation  winding  is  supplied  approximately 
1o2  m  ftmthe  rectified  phase  A  400  ope  power  line  for  oorrection 
of  ttoeiholA  variations  due  to  ohangss  in  the  power  line  voltage. 
This  winding  also  has  positive  feedback  free  the  sag.  sap.  output 
to  produoe  regenerative  control  of  the  switching  operation.  Dur¬ 
ing  the  "HUSK"  oonditioc  these  two  windings  Maintain  the  sag. 
aap.  ooeqpantor  is  the  unsaturated,  aero  output,  state.  To  fur¬ 
nish  an  Abort  signal,  nominally  412  volts  average,  the  demodulator 
oust  furnish  1  aa  oontrol  ourrent  (2  na  for  double  threshold)  to 
its  winding.  The  amplifier  end  deoodulator  are  capable  of  2  1/2 
to  3  aa  at  saturation.  The  amplifier  consists  of  one  stage,  using 
two  silicon  translators  in  a  Darlington  compound  connection,  neg¬ 
ative  ourrent  feedback  is  used  to  give  gain  stability  and  high  in¬ 
put  and  output  inpodanoae.  Phase  sensitive  demodulation  of  the 
anpllfler  signal  is  required  to  give  polarity-rever# ib? «  tints  - 
constant  integration  in  the  BC  filter.  The  passive  RC  Filter  Is 
s  linear  single  unit  first-order  lag  filter  with  -6  db  re 11-off 
frequency  characteristics  from  the  -3  db  down  frequency. 

The  absolute  Magnitude  of  the  filtered  rate  signal  is  censed  by 
the  diode  bridge  reotifier  by  converting  the  pclerity-reveroible 
rate  signal  from  the  filter  into  a  unipolar  signal.  The  unipolar 
signal  always  drives  the  Magnetic  amplifier  toward  conduction. 

The  compensating  circuit  furnishes  a  ourrent  to  the  magnet io 
amplifier  to  hold  it  cutoff  until  the  algebraic  our.  of  ccntr*! 
winding  ampere-turns  is  sero  insteed  of  the  variable  off-e^:  .it 
would  otherwise  have  with  increasing  and  decreasing  line  vc  Ite.y.'s . 
This  oircuit  increases  the  accuracy  of  the  comparator  ae  ratio 
detector.  The  aagnetio  amplifier  corporator  provideo  a  null 
voltage  of  approximately  41  volt  for  "JBAEX"  and  nominally  Vi 
volte  average  for  an  "ABORT"  oonditioc. 

In  order  to  prevent  the  stnnation  of  the  3  Orer/feat*  Ca^)arat/>r 
null  currents  free  triggering  the  output  nsgnetic  amplifier^  a 
saner  diode  is  placed  in  series  with  eaoh  caop&rutor  output  so 
that  the  output  of  the  Over/ftate  detector  ii  0  Volts  for  "READ!" 
and  4 7  volts  for  "ABORT",  (-5  volts  due  to  saner  drop). 


Redundancy  in  seising  sis  silo  rate®  her.  toewa  provided  by  having 
dual  mto  sensors  Much  capable  of  generating  an  Abort  Cammed, 
(providers  drop-out  of  +23  volts  to  both  Capsule  Fail  Do  toot  Relays). 
In  erdar  to  niairalaG  the  possibility  of  an  tror/Rate  Detector 

\  Hnmd>?.3  an  inadvertent  Abort  the  Ovaor/Kce  Detector  circuit 
b?a  designed  where  possible  ouch  t .  t,1 1  failure  of  any 

'  canponeat  will  oause  that  oircuit  be  irs,'  ^ata  "READ!"  since 
■  •  rrAurlasb  OvK’/fca.ts  sensor  oan  still  cans  o  and  nampd  "A 3GR?rt. 
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Tbs  use  of  Atlas  flight  proven  pressure  transducers  modified  Into 
p*MfOM  switches  for  AS  IB,  wu  based  on  extensive  flight  toot 
experience  and  oanponent  tooting.  Toots  tomato  hart  confirmed 
tti  foot  thot  thooo  ovltehoo  oro  tho  reset  reliable  pressure 
sensors  available  la  tho  praotioable  future  for  Atlas  flight 
omrlroaBO&fco.  ALT  of  tho  prossuro  oonsoso  utilise  a  viper  em 
■earing  on  a  bn?  bar  in  vhloh  a  gap  la  located  at  the  point 
corresponding  to  tho  Abort  condition.  Tho  viper  an  0 roe  see 
this  gap  in  *  oake-bef  ore-break  svltohlng  node  to  oontlme  on 
the  Abort  *.««etloB  of  tho  bus  bar.  Opening  of  the  "READY"  oirouit 
of  the  pressure  svltoh  will  supply  an  "ABORT"  signal  to  ASIS 
while  olosure  of  the  "ABORT*  circuit  will  supply  an  "ABORT"  sig¬ 
nal  to  Telsnetry.  For  these  switches,  the  olosed  when  energised 
mode  of  "READY*  operation  van  aelsotad  as  the  most  reliable  type 
of  operation.  This  was  based  on  failure  mode  data  experienced 
in  the  Atloa  flight  test  program  as  veil  as  component  testing 
and  analysis. 

The  series  parallel  slootrinal  oonnsetlon  of  the  pressure  svltoh 
duets  was  an  extension  of  the  general  "Energised  for  'READ!*  and 
de-energised  for  ’ABORT’"  philosophy  recommended  by  Convair- 
Aatronautios  for  Project  Mercury.  This  type  of  electrical 
connection  allow  the  reliability  advantages  of  Fail-Safe  parallel 
svltoh  duets  (the  predominate  fall  node  of  a  svltoh  is  to  "ABORT") 
without  the  disadvantages  of  full  parallel  connection;  of  aH 
switches. 

The  eleotrleal  sanitation  for  the  AS 13  pressure  svltoh  duet  ohain 
la  "ungrounded".  This  increases  A3ZS  reliability  when  compared 
to  a  unilaterally  grounded  sanitation  connection.  For  example, 
one  ground  incurred  in  A3 13  pressure  switch  harass  oea  will  not 
affect  pressure  switch  chain  operation.  Two  or  more  grounds 
will  only  by-pass  those  elawnts  between  grounds  allowing  normal 
operation  of  the  regaining  switches. 

WJMms&tes&i 

A  reduction  in  the  115  volts  nss  supply  voltage  to  the  pressure 
switch  transformer  will  cans©  a  corresponding  reduction  In  the 
control  winding  current  of  the  1-8OT  Gate  magnetio  sjrplifier. 

2® ner  diodes  and  a  series  resistor  limit  the  magnetic  amplifier 

-ontrol  winding  current  so  that  a  supply  voltage  of  80  4*10  volte 
g2»xe»  control  winding  current  to  fall  baiovr  th©  value 
r^uirsd  to  keep  tho  magnetic  amplifier  in  a  "READY"  condition, 
cr.iciss  the  1-HOT  Gate  to  have  an  output  voltcgo  and  a  sub- 
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